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TABLE %.--Eliscs in the national fore& tn Calvmia alrouring nicmber and 
pff&gs eaueed by lightning ditring 1912-1915. 

[Statistics by U. 8. Fomt Bcrvice.1 

I 1912 

No. .......... ;2 
anis ........ 20 

Cleveland ........ 41 
Eldonxlo ........ 23 

a t h  ....... SS 
Lsvlen ........... A5 
Madoc ........... 26 
Mono ............ 4 
Montcpap ........ 5 
PlUmaa .......... 00 

Bcqada ......... b 
shssta. .......... I a3 
Sierra ............ I 67 
st snUaus ....... l 23 
Tahoe ........... I 60 
lnnity .......... ! 37 

 TOM......^ 813 

Lyo& ........... 3 

R.nb Barbara.. . i , .SO 

d 

a 

6 

Q 

No. P.cl 
2 3  
6 25 
0 0  
2 9  
1 3 3  
32 39 
40 63 

0 0  
F $  

2061 25 
-- 

-. __ .. .. 

1914 I 1916 

li 
17 
37 
73 
33 
13 
Zi 
n 

25 
39 
11 
IS 
10 
19 

20 

Total number of firm during +year period. ................... 5,435 
Number of lightning fires during aame period.. ................ 1,800 
Average annual number of lightnin fires ____. - -. -. -. -. . - - -. -. . 450 

33 

It should be borne in mind that all forest fires started 
as small fires. When liohtning strikes a tree it may 

te the tree or the d6gris and undergrowth beneath, 
=fire later spreading if conditions are favorable. Of 
the three kinds of fires recognized by the Forest Service, 
all may be caused by lightning. These three kinds are 
(1) ground fires, which smolder indefinitely in the ground, 
consumin humus, duff, and roots of trees; (2) surface 

by undergrowth and d6bris; and (3) crown fires, which 
consume the entire forest cover. 

Bs in other States, California has zones peculiarly 
susceptible to li htning; zones which are perhaps inde- 

and lookout recognizes certain well-defined belts where 
lightning strikes most frequently. As a result, many 
local traditions have arisen and most of these are based 
on accurate observations. 

Percentage of lightning fires to totafnumber.. ................. 

fires, whi 5 spread over the surface of the forest floor, fed 

pendent of possib 9 e topographic influences. Every ranger 

American 

no other apparent effect 

CONCLUSIOK. 

The importance of li htning as a cause of forest fires 

of natural ori 'n, lightnin is ono of the factors whic I 
can never be gnlinated. %owever, the situation is not 

BdnF may be judged from t B e foregoing statements. 

- - - __ _- - __ - - - - - _- - - 
a Plumma, Rd Q. F m t  Ares. Wsshlngtm, 1912. (Forest Servlm Bulletin 117.) 

hopeless. The main ho e lies in the anticipation of fires 

when they occur. The fire-weather warning service gives 
ho e of reward. Thunderstorms with their destructive 

cunsidered. In  this, as in ot.her branches, the dommant 
need is for more field work in order to secure more com- 
plete data with reference to each individual forest. As 
this infonnat.ion is secured further advance may be 
expected of meteorology in general, and of fire-weather 
forecasting in particular. 

and t.he making availa 1 le of facilities to subdue them 

lig 1 tning form simply one of the elements which must be 
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J?IG. 5.-Another view of Mount Shasta showing forests I I its base, with a sawmill and lumber piles in the foreground. These forests are particularly suscepbble to fires 
from lightning. 
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unity whem the decimal is mater than 5 and to disregard 
all decimals less than 5. #hen the decimal to be dropped 
is 5 exactly, the receding figure, when odd, will be in- 
oreased by 1, an (P when even will remain unchanged. 

THE LITERATURE OF SNOW DENSITY. 

The p a t o r  part of the literature on the subject is in 
foreign publications; a sdlscted bibilography of papers 
consulted is pressnted at the end of this 

The subject “snow density”, in a broa sense, has de- 
veloped unevenly, and indeed I may say that it  is yet in 
a state of development. The part taken by the Signal 
Service and its successor, the Weather Bureau, is out- 
lined in the next paragraph. From this it will be seen 
that the great, Itnd practically the o d j ,  desideratum 
in the beginning was to determine the quantity of water 
precipitated as snow. The density of the snow did not 
seem to be important. 

The credit of having pointed out the relation of a snow 
cover to subsequent weather is due to the late Russinti 
meteorologist, \ odkov (Woeikof), more than to auy other 
single person. He first drew attention to tho subject ill 
1871 , and his second communication a-:is follwmtl ncarly 
20 years later by another much greater work, “The Llifln- 
ence of a Snow Cover on Soil, Climats, and Weather” 
(No. 5 in the list of rel‘erences a t  the end of this piiper!. 
Preceding the date of uldication of the lust-named ~vork, 
the meteorolo sts of P ndia were engaged in a correlation 

rainfd of the upper Provinces of India. 

Per* 

of the snowfa T 1 of the Himalaya, witah the mbsequetit 

THE MEASUREMENT OB’ BNOW IN THE UNITED STATES. 

Ri8t09Gd. 
Smiths0nia.n I m ~ e . - S y s t e m a t i c  meteorological 

observations in the United States, including the m e w  
urement of precipitation in the form of snow, under the 
direqtion of the Smithsonian Institution, began about 
1848. Smithsonian 0bservei.s were instructed to use 8 
snowgage and to melt the catch of snow and record the 
amount of melted snow as rain. Explicit dircctiom 

ven to guard against eva oration in the process 

The 
water equivalent of snow was recognized as being on the 
average 1/10 but the alternative of recording 1/10 of the 
average depth instead of melting was not authorized. a 
Th 8 i g d  Senvice and the Weather Bureau.-The 

earliest definite instructions upon the subject issued by 
the United States Sial Service are given in Instruc- 
tions to ObserverSergeants, dated September 30, 1873. 
These instructions rovide that “Snow will be melted and 
then measured in t ge same manner as rainfall, ” evidently 
following the practice of the Smithsonian Institution, 
the then recognized authority on meteorolo@cal matters 
in the United States. A revision of the 1873 instructions 
as to snow measurements, made in 1875, re eated the 

1 Whenever from any caume snow can not be. melted, the de th wil 
be meylured and 10 inchee of snow recorded aa 1 inch of ramfall. 
!Chis is the first occasion of the ublic reoognition of the 

1 Earlier balememandm z a f o b r e r v e n  rn arganhl In 1817 by Jalah Me@. 
General of the Amy. 

am-mknllnnerrm- 

Rain water and me P ted snow water were to 
in separate columns in the record. 

original instructions with an added clause as P ollom: 

ratio 1/10 by authorities in the 8 nited States. . 

Bee Y ~ W T  wBA?HLB U V I E W .  ktAt6uy&lgb~~8,. A . , b  

- 
corrmbloncla &narrl Land 0 md In 1819 by the 8 

In the 1881 edition of Instructions to Observers, the 
above specifications were repeated. In April, 1884 
however, a ver material amendment was promulgated 

described is practically the overflow of the present 8-m 3 directs the use of a snowgage and describes it (the g 

standard raingage) and specifically direct% the following 
be made of record: 

(1) Time of beginning and encling of snow-. 

(3) Smount of water 00 Ti ected in the snowgage from 
(2) Whether moist or d 

snow (or snow with rain). 
(4) The same collected in the raingage. 
(5) Depth of snow (before melting it) collected in the 

snow gage at each telegraphic observation. 
The revision of 1887 includes the foregoing items but 

is silent as to the date upon which they became effective. 
Reference to the original order shows that it became 
effective July 1, 1884. No change was made in the next 
revision, which appeared in 1895 under the title “In- 
structions for Observers of the Weather Bureau”, 
Washington, 1895. A short time revious to the last- 
named date, robably in 1894, Pro[ C. F. Marvin, then 
in charge OF the Instrument Division, published aa 
Circular A, of that division, a Pam hlet under the title 
‘( Instructions for Obtaining and &anscribing Records 
from Recordin Iiistruments ”. In this pubhation it 
was recognizef that the ratio 1/10 was only roughly 
a proximate and the observers were urged to determine 

suggested methods. These instructions were later am- 
plified somewhat and now appear in Circular E, Instru- 
ment Division, I ‘  Measurement of Precipitation and 
also in the pamphlet entitled “Instructions for Pre- 
paring Meteorological Forms”, the latter first issued in 
1905 and revised annually since that par .  The 1916 
edition contains directions for measunng snow under 
paragraph No. 110. The ratio 1/10 is still used when 
the obserrer is unable to melt the snow. 

as General Or B em No. 40, April 11, 1884. This order 

t % e actual water equivdent of snow by either of two 

The iocrttr quiunlent of -frfresh maw. 

In  the heginning of sys tcma tic snow measurements, 
observers were chicfly concerned with (1) !he best 
means of catching the falling snow, and (2) its water 
equiudent. the latter in order that the record of pre- 
cipitation might lie complete. It was generally recog- 
nized that there were senous difficulties to be overcome 
in order to secure a true catch, and also that the mow 
varied consideral>ly in density. The earliest discwsions 
of the subject are largel concerned with questions ?f 

t;ions which attcncl the fall of snow (see for example, 
I in list of references). 

9 &sum6 of the official instructions as to the measure- 
ment of snow in England and other countries a t  that 
time (1872) will be found in Symons’s “British Rainfall 
for 1872”, pages 9-23. The rule in En and as pre- 

was either of the following: (1) Melt the mow caught in 
the gage by the addition of a reviously ascertained 

measure the residue as rain; (2) select a place where the 
snm has not drifted, invert the funnel (of the rain age) 

(3) measure with a rule the average depth of snow, and 

variations in density un B er different temperature con&- 

scribed for observers of the British rainfa f organization 

quantity of warm water, then de (9 uct this quantity and 

and, turning it around, l i f t  and melt what is in 2 osed. 

I Thkd edition, 1911 (W. B. No. US). 
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Month. ! 
\ ?&as- urM. 

Inchea. 
November ................................... /-- I 4.40 
Decembex ................................... 3.08 
J8num-y ..................................... 8.31 
Fehruarp .................................... 6.60 
a r c h  ....................................... 4.85 

- - - -. __ - 

__ ___- I -  

tcke 1/12 aa the equivalent of water. Obeervers were 
enjoined to try all these methods and to adopt that 
which they coneider most trustworthy. 

In .subsequent issues of British Rmnfall many interest- 
ing notea on the water equivalent of snow appear and it 

hted out that the ratio varies from’ 1/5 to 1/35. 
is 8 1. M. F. Ward, a member of the British Rainfall 
Organization, not onlv made man careful observations, 

tion in the annual volumes of British Rainfall. While 
Col. Ward’s work was largely concerned with a de- 
termination of the catch of snow, yet it contains many 
valuable observations on snow densit7. A densit as 
low as 0.026 was observed‘ by him in Canton d u d ,  
Switzerland, on January 16, 1880, and the remarkably 
low density of 0.008 was observed‘ in March, 1876. 
The maximum densit observed was 0.221 and the mean 
density for different &nds of snow was O- 

Milnltecrystala .............................................. 0.075 
Small mow. .................................................. loo 
Luge dent30 flakes. ........................................... .loo 
Lprge ht flakw. ........................................... .Ob9 
Round bules. ............................................. . O B  

Lancestor (3) in lSS8 published a summary of the 
existing data on snow densit , based chiefly on a 20-year 

Lt Bernard,.altitude 2,478 meters, as follows: 

Jpnusry.. ............................... :. ................... 0.080 
Februsry.. .................................................. OS0 
March. ...................................................... .090 

....................................................... .llO 

June. ........................................................ .180 
July- ....................................................... .240 
Auguet ...................................................... .180 
September... ................................................ .150 
October... .................................................... .150 
November.. ................................................ . lo0 
December. .................................................... 080 

TempercrturP-den.s.ity reln.tion.e. 
oints out that the greatest 

least in winter, and attempts to deduce a relation be- 
tween the density of the snow and the air temperature 
a t  the time of its fall. He deduces from three years of 
observations, the following temperature-density relations: 

At 34. ................................................... .143 
At 32. ................................................... .126 
From 30 to 28 ............................................ .111 
At 27. ................................................... .lo0 
At26 .................................................... .090 
From 23 to 19 ............................................ .os3 
From18to14 ............................................ .077 
From 12 to 5 ............................................. .071 

Germany.-Wengler (21) presents an abundance of 
good material respecting the density of freshly fallen 
snow in north Germany. Using the Potsdam obseyG 
tiom: he obtains the following temperature-denslty 
*tloIlS: 

but also contributed the resulta of i is studies for publica- 

. 

3 
eriod of observations a t  t E e Alpine station of Grand 

P y ......................................................... .160 

Mean density. 

Belgium-Lancaster (3 j 
densities are observed in t, i! e summer mont.lis and the 

‘-s??.:F! ........................................... 0.166 
Dendty. 

turea OF: Dedty* 
5to14 0.046 

From 14 to 23 ............................................ .082 
From 23 to 27 ............................................ .086 
From 27 to30 ............................................ .089 
From 30 to 32 ............................................ . lo3 
From32to34 ............................................ .140 
Fmm 34 to 37 ............................................ .236 

T-= ............................................. 

DLflerences. 
com- 
puted. I 
Inchu. I ~ G E .  Percent. 

-0.u -1i.n 

8.06 + .7K + 9.0 
6.42 + .OS + 1.4 
3.82 1 -1.03 ,-2l.2 

tPj +.28 +9 .2  

Bnrlscralr 
tempem- Caaaa. 

tun. 

*F. 
oto 6 2 
lit014 98 
ltitoll s7 
w t o 1  P ntom s2 
altos2 16 
82to84 11 
85to88 18 

D d t y .  

a m  .m .me .me .ma 
.OB5 
.1M 
.008 
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~eaaon. gept. 
I-- 
I 1910-11 .......... ...I.. 

1911-12 ............. !- ...... 
1912-13.. ................... 
1913-14.. ........... 0.100 
1914-15 .................... 
19l5-16.. ........... .1W 

~l[sen .............. I aiw 

the air temperature wm 23°F. (5OC.) and falling very 
slowly. It reached 10°F (- 12°C.) at 10 p. m. on that 
date; therealter the fall  was more rapid. reaching a mini- 
mum of -7°F. (-21.7'C.) at 8 a. m. the next mornin . 
Snow mntinued falling until nearly 6 p. m. of the 5t.f. 
By that time, the tern erature had risen from -7' to 

detnaity 0.060. In general, the density is less in mid- 
wink than in t.he transition seasons at the beginning 
,md at the end of the cold season, respectively. as may 
be seen by the following table: 
TABLE 3.-Awerage density of fresh w o w  01 Iliigon Wheel 0~11. ('010. 

-3°F. The depth of t E e snowfall was 6 inches and the 

Oct. 

............ 
0.084 
a3.2 

.091 
,145 
.ow) 

0.09s 

far western States-f statistics of depth and density of 
the seasons' snowfall. 

A monthly bulletin is distributed near the close of 

information thereon. 
Oolorado.-Section Director Frederick H. Branden- 

burm (22) of Colorado began the issue of monthly snow 
budt ins  for that State as early as 1896, and other sec- 
tion directois began soon thereaft,er. 

We have summarized from Direct.or Brandenburg's re- 
ports for R sin le season the rcsults shown in the small 
table below. %t each of the stat.ions in tho State, the 

each month during winter thro 
ested in the probable water 
snow may receive t9he latest 

which persons inter- 
derived from melting 

Sovember.. 
flecmiber .............................................. 
Jauirory.. .............................................. 
l?ehriisr r .............................................. 
Mawh..:. .............................................. 

........................................... 
I Inehrs. 

2 9 '  3.0 0.064 
14.0 .W 

.M6 

.MD 
46 14.6 .075 

hchm or mow l o  ' 
-1 in& water.. . .I t 

1 lo I lo 
. - - ....... 

Dab. 

1001 
Fob. Lo ............................. 
Feh. 10 ............................. 
Fcb. u) ............................. 
Feb. 11 ............................. 
Feb. 11 ............................. 
Fob. l2 ............................. 
Fob. 12 ............................. 
Fob. 13 ............................. 
Fob. 14 ............................. 
F0b.U ............................. 
Bb. 16 ............................. 

__ . 
Nov. Ilec. Jan. 
....... 

Em. 

0.08g 0.076 0.075 
.070! .a93 .M3 
.or4 .a% .os9 
. p 5 !  .m .OM 
.mi .m .M3 
.O!H .O i6  .MI 

The snow layer. 
---- ..-______-- 

Temperature. 
Depth. j Density. 

I Surface. I Bottom. 

ami o o n  0.077 I .  I 

R m k # .  . 
Predpits- 

tion 
during &-AT Tempamtm of 

I !  

12 1 11 I 13 
...... .... 

'C. I OF. I 'C. I OF. I 
3.31 

5.47 
5.12 
4.49 
4.17 a. io 
3.54 
3.39 
3.23 

-. _- ... ............... water equivalent of the snowfall was determined, usu-I .ly 
uar. 1 -w. 1 NAY. bv melting. and L record was also made of the deDth. The 

I I E L C S .  *C. OF. 
W.05 6-1 rn ........... -12 m.4 

(*) .19 6-11a.m .......... --1l 10.4 

(8) .04 6 S R 4 5 a . m  .._._. - 4 24.S .................................................... .w ........................................ .w ........................................ 
.w ........................................ .w ........................................ 

(*) Whh. ........ -l2 10.4 
(*) 830- dnlpht ..... -11 12.2 

.................................................... 

Feb. 
.. 

0.075 
.079 . w1 .os 
.Die 
.097 

0.062 

12 

0.057 
. o x  .ow 

I , . - . 
0.118 ' 
.lox .IOU snow. The latker is not shown. 

l&t, c o l d n  contains the averagu density as ditermined 
....... from t.hc average depth and t.he water equivalent of the 

TABLE l . -Avernp depth nnd density of mot(! in. Co/orndo for a single 

.om 0.131 

. u71 ....... 
....... 

senson. 
. . . . . . . . . . . . . . .  .- .... - .......... . __ 

, 
12 1 0 ;  7.6 

...... - - __ .. 
The observations a t  Wagon Wheel Gap, Colo., it. should 

be remembered, were made a t  an altitude of slightly 
more than 9,500 feet where the precipitation of t.he c. Ai 
sewn is wholly in the form of snow. 

At  the majority of observing stations east of the Rocky 
Mountains, tho precipitation, es ecially a t  the mom 

ing to rain or vice versa, and there is therefore by reason 
of the impossibility of separating the precipit,at.ion in t.hc 
two forms, a lack of conclusive 6at.a on the subject. 

Wadi on, D. &-At Washingt,on, D. C., Irttit,ucle 
38" 54' k in 10 vears record, there were but 99 cnses 
of snow not mixed with rain or sleet, (ice grains), dmiit. 
three cases on an average per season. 

The average density as determined from these obserm- 
tions is 0.098, the least was 0.026 on March 22, 1914; the 
greatest was 0.175 on March 3, 1916. The de th'iof 
snow on the latter date, however, was but 0.8 inc\; but 
the surface air tem eratures were under 33", viz! 86O 

eather Bureau to 
the collect.ion-through its network of cooperative sta- 
tions, mountain snowfall stat,ions, and by cooporation 
with the rangers of the Forest Service, especially in the 

northern points, is frequently in t fl e form of snow turn- 

8 at the beginning an a 24" at the endin of the snow. + ' 5  
Special attention is given by the 

Months. 

New YoTk.--Measurements at Albany, N. Y., north 
latitude 42' 39' for two winters (29 cases) give 0.110 as 
the mean density. 

Fire obscrrations of the density of new snow (11) 
macle at  the same city by Mr. R. E. Horton in the winter 
of 1!)14, give 0.165 as the mean density. 

UpsuZa, Svwden .-Westinan and Jansson (9) made 
some very definite obsem-ations on the density and 
diminution in depth of a snow cover at the observatory 
at  Upsala in 1902, and the density of fresh snow was 
carefully determined. The studies of theso observers 
form one of the most thorou h contributions to the sub- 
ject that has yet appeared. %e quote from their result 
the following table, transposing the values into English 
measures, for the benefit of any of our readers in the 
United States who may not be thoroughly conversant 
with metric measures and also in order to conform to the 
system of measures used throughout this paper. 

TABLE 5.-Westmn's & Jamma's detenninatwns of the density and temperature of mow at U p l a .  

245 p. m. 
6% p. m. 

1 ~ 3 0  p. m. 
11% a. m. 
6:25 p. m. 

1025 a. m. 
6% p. m. 
1:40 p. m. 

1030 a. m. 
1 l :P  a. m. lm p. m. 
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Avu- 
depth. 

It&.#. no as 
l a 0  

The authore remark on Table 6 as follows: 

Avr- 
w w  

dfal.de. 

aas 

-- 

.a 

.I 

Variatiom in the speei6c denaity of a ?ow cover cam 
cently fallen anow ham been meaoured rn only a d qMeaofm- number of 
CMW. Between February 10 and 12 a new layer of wow waa formed 
while the temperature of the air waa qyite low and the wind velocity 
gentle. AB th new layer waa excepbonall porous and at the aame 
time homogenema it w89 particularly favoratle to a study of the vari- 
ation~ of specific d h t y .  The wow was 80 mft (molle) that the cyl- 
inder above dwcribed could not be wed to extract the aamples, because 
the snow maesed about the end of the cylinder without enetrating it 
when it waa forced into the snow layer. Recourse was & to a plate 
of sheet iron 25 centimeters square, which waa forced under the new 
wow at the d c e  of the old mow. In this manner a sample WB cut 
in the f a  of a rectangular psrallelo iped, havin 
and the de th of the snow layer as iteieight. In t ~ ~ ~ ~ ~ r % ~ k ~  

remion opthe anow was completely avoided. Having measured the 
%meneiona and the weight of the parallelopiped, the specific density 
waa calculated. Each of the values of specific density which appears 
in Table 5 is the mean of five different measurements. In that table, 
a h ,  is indicated the probable error in the values of tprifir density 
and the depth and temperature of the new snow cover at the hour of 
obeervution. 

It waa established that there waa a continual increase in the specific 
demity, that for the moat porous PIIOW thp increase was relatively 
rapid even though at the bpginning the temperature of the air and 
that of the snow was uot ahovc 14' P. (-19" C.) and 15.8' F. (-9' C..). 
Finally, it appem thst the density dunng the fall of snow varies 
between 0.0384 and 0.0844. Between the 12th and tho lGth, after 
wow ceased falling, the increase in density continued, but waa very 

lac. On the average its value was 0.018 in 24 hours. T T e very conaiderable temperature gradient in a layer of new snow 
is worthy of mention. It appears from Table 5 that there waa on 
February 11 a maximum of 15.4OC for a depth of 13 centimeters, or 1.2 
degreee for each centimeter, which proves that this snow m a a  a very $"' conductor of heat. For the density of the mow cover in question, 

.063, the coefficient of conduction is 0.00017°.0 By comparison it 
may be noted that the value of this coefficient is for air 0.00005 and 
for ice 0.00568. 

D e d y  of old snow. 

We now pass to a consideration of the density of a 
layer of snow that has been exposed to the weather for 
a greater or less time. Freshly fallen snow is composed 
of minute snow crystals intermixed with air. The quan- 
tity of air resent is variable, depending on the size and 

mechanical action of the wind. The longer snow is ex- 
posed to the weather the greater is the y a n t i t y  of air 
which is e. elled from it, and naturaly the density 
increases. xoreover, as has been ointed out frequently 
by previous writers, snow that gas been exposed for 
some time to the weather suffers a change in its internal 
structure, which tends to increase ita density. The dim- 
inution in depth of a snow cover is general1 due to 
severd causes, acting singly 0: conjointly.. Lincipal 

these causes are: (1) An increase of mr tempera- 
ture, moT ue to insolation or to the horizontal transport of 
warm air from other regions, sufficient to produce melt- 
ing of the superficial layer of the snow cover; (2) the 
mechanical action of the wind, either in compressing the 

' top layers or in breaking up the original snow crystals 
and dmtributin them in the form of drifts of finely pul- 
verized snow; 6)  by the evaporation and settling of the 
top la em, which doubtless, in the case of evaporation, 
must i epend largely upon the climatic conditions of the 
region in which the snqw layer may exist. The fall of 
ram, too, can have an Important bearing on the struc- 
ture of the snow cover, particular1 if it is immediately 
followed by freezing weather. T%e well-known snow 
crust often ow= its orrgin to this circumstance. 

structure o P the crystals and, in a lesser degree, on the 

Intensive snow surveys in the United States. 
So far as known, the €irst systematic measurements in 

the United States, of the density of the accumulated 
mow layer in spring were made by Mr. Charles A. Mixer 

(la), civil enginem, of Rumford Falls, Me., in the spring 
of 1903. 
Mr. Robert E. Horton, hydraulic engineer, of Albany 

N. Y. collected and pubhshed in 1905 the resulta 01 
snow densit measurements made in New York and New 
En land ( l i  11). 

&thin the last 10 years a number of intensive snow 
surveys at  hi h altitudes, late in the spring, have been 
made under t % e direction of Weather Bureau officials, *as 
noted in the following ar a hs. Previous work of a $ Srof. John E. Church, 'r. 
(24), of the University of K evada a t  Reno. I n  t h e 
similar character was one 

s ring of 1909 Church be an a series of snow density 
&terminations near Lake % ahoe, in the Sierra Nevada. 
Prof. Church has summarized the results of several thou- 
sand measurements on a series of blue-print sheets dis- 
tributcd in 1916. It is understood the results of his 
work will appear in the proceedings of the Second Pan 
American Scientific Congress (Washington 1915-161, and 
also in a special bulletin of the Nevada Experiment 
St ation. 

Utuh .-The pioneer of internire snow surreyin by the 
Weather Bureau is Mr. A. H. Thiessen, section %irector, 
Salt Lake City, I.'tuh. Mr. Thiessen be an with a survey 

surve covered 6,S80 acres and 277 soundin s for depth 

to be 36 inches and the average density 0.320, or 32 per 
cent. This survey was repeated in the following year, 
and 297 soundin Y were made, or practically the same as 

1912, an average depth of 42.5 inches and a density of 
but 0.240, or 24 per cent. 

In  1914 the survey was made in the watershed of City 
Creek Canyon, from which a portion of the water supply 
of Salt Lake City is drawn. The results of that survey 
and also of the surveys in 1915 and 1916 are shown in 
Table 6. 
TABLE 6.41aow densitus in City Creek Canyon, Utah, 1914-1916. 

of M'nple Creek Canyon in the spring o f 1911. The first 

and d ensity were made. The a\-erage dept f was found 

before. These % eterminations gave, for the spmg of 

- 

Subdlvislms. I 
i 

Years. Whole 

IS14 
1915 
le16 ...................... 

Idaho.-Edward L. Wells, section director a t  Boise, 
made some density measurements in the 
Silver City in February, 1914. 
depth of 33.1 inches and a densit 

He 

neighborhood of Sheep Hill the dept E in the same month 
was 27.0 inches and density 0.290. 

An intensive survey was conducted under the same 
offic.ial in the watershed of Cottonwood Creek in 1914, 
1915, and 1916. The depths and densities are given in 
Table 7. (See also this REVIEW, 1914, 42: 634; 1915, 
43: 567.) 
TABLE 7.-Average hptha and den&&# o dlu)2u in tha basin of cotton- 

wood Creek, I & . 
Bd0w4~000fest~ Between 4 OM) Between 5 OM) 

and 6,oOO feet. md6,oOOdet. 

Y-. 

Inches. Inches. 

1816 ............... 
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Number of 1 measure- 
I 

d&ma.-Depth and density measurements were made 
in the latter art of March, 1914, 1915, and 1916 in the 
Paradise Creei Valley region, Apache County, Ariz., a 
mxhately in latitude 34' N., .ion itude 109' 45' 3; 

latter has its source in the high mountains in the south- 
western part of A ache County. The measurements of 
1914 are presentelin Table 8, in which the arrangement 
is accordmg to altitude. 

TABU 8.-Averageanow depths and densities, Paradise Creek valley, An'. 

Faradise Creek is a tributary of the !v hite River, which 

-4rerage Elevation. I I 1 ' 88 
1x1 
288 

, ~ 

Ffd .  Inches. 
13.5 I 8a50tOS 750 ' 

d7m to 9:mo 20.0 
9,250tO9.750 27.6 .333 

10,000 49.0 .305 
I I . . . . . . . . . . . . . . . . . . . . . . . . .  

Slope. 
_. _______ 

:iorthward.. ................................................. 
Sortherstward. 
Eastward.. 
N o u t h e o s t d  ............................................... 
southmrd 
Westward *.. 
Northwestward.. 

Lake so rface... ............................................... 

...................................... ................................................... 
................................................... ................................................. 

............................................. 

___ --__ ~- 

The greatest depths were found on the north and north- 
east slo 8s. Tho density did not vary materially with 
slope. 4he reatest densit , 0.400, was found in a layer 

were found in layers having a total depth of 15, 19, 30. 
and 50 inches, res ectively. There does not appear t.0 

The determinations in 1914 and 1916 were made by 
Obeerver Kenneth Meaker; in 1915 by Observer B. L. 
Laskowski. The measurements in 1915 and 1916 were 

ately hindered by untoward weather conditions, i t  
p h g  physicall impossible to prosecute the work to n 

depth and density were made in 1915 at altitudes rang- 
ing from 7,875 to 8,500 feet and 'de ths were encoun- 
tered ran@ng from 18 to 47 inches. Fhe average depth 
as determmed by 61 measurements was 36 inches and the 
average desity 0.251. Densities a.s reat as 0.346 and as 
small as 0.167 were encountered. Tfe high densities were 
found in a snow la er having an avera e depth of 32 

inchesin de th. 

in the receding year and but 32 measurements mrere 
obtaine8. A drivina wet snow had prevailed for 36 
hours, and this was followed by a h e n v  rain, thus mak- 
ing roads and trails impassable. When tlie rain ceased 
the weather turned cold and on the top of the water-soaked 
snow formed a crust that was not strong enough to be8.r 
a horse, and hence a canip outfit could not he t.rt1Ce.n into 
the snow fields. 

The average depth of the snow cover where measure- 
ments were practmable was 15.2 inches; its average den- 
sity was 0.600. In  some c.ases tlie snow laver was prac- 
tically a mass of slush, having a density 03 0.900. The 
lowest density recorded was 0.410. Flood conditions re- 

w e d  over the spillway of the Roosevelt Reservoir, the 
Ltter being full at the time. 

Wyming.-The Rock Creek Conservation Co. of Rock 
River, Wyo., in cooperation with the U. S. Weather 
Bureau, made a survey of the extent, de th, and den- 
sity of the snow cover in Sand Lake, dyo.,  drainage. 
The geographical coordinates of Sand Lake, W o., are 
a proximately lat. 41' 25' N., long. 106' 12' d. The 
&&cine Bow Mountains are immediate1 to the west- 

tude of 10,120 feet above mean sealevel, and portions of 

8 inches thic a in the aspen 9 orest. Low average densities 

be an increase in 2 ensity with increase in depth. 

successful conc 9 usion; nevertheless, 61 determinations of 

inches. The low va T ues were found in 11 f ayer of but 15 

The weat E er conditions in 1916 were even worse than 

vailed on all the streams of the region and the flood B ow 

ward of Sand Lake, although the lake itse sr is a t  an alti- 

88ZS-17-2 

Depth. Demlty. 

Inches. 
-- I 0.m 64 

6a .m 
59 .a50 
55 .m 
52 .a30 

*35 .om 
61 .m 
451 0.110 

the drainage area rise to 10,700 feet. The total area 
1,774 acres and 64 determinations of depth 

The average de ths and densi- made. 
elevation, appear in Ta E le 9. 

TABLE 9.--Snow deptha and dmsiticS in Qe Sand Lake, Wyo., baain, 
1915. 

I I I 

Feet. Iwhcs .  
10 120 42.75 

lU: Lm-10: 300 80.29 
10 300-10 100 61.30 
10' 400-10' 500 60.60 
10'500-10'goO 60.31 
10: 600-10: 700 75.00 

10 12cno'm 55.20 
0.270 . P7 
.%1 .m 
-280 
.%a 
.257 

*On Sand Lake. 

A classification according to slope, or the direction in 
which the various parts of the drainage face, gives 
the following results in Table 10: 

TABLE 10.-%ow deptha and densities at Sand L a b ,  Wyo., cImai&d 
accordiytg to dope. 
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0.81 

.79 
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0.71 

.E9 

-87 

.EO 
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.57 

.IS 
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0.51 
-49 
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A3 

0.41 
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.s7 

,as 
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49. 

a t  depth of 87.6 cm. (34.5 b). Then $e density derr8a.m a 
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hQ. l . -M’r  flgnm 2 rbowIng hh curve of relation between depth snd densits of 
snow. 

In the first seriee, according to the figure, the maximum densit is 
reached at a depth of 82 cm. (32.3 inches); in the second, at a deptg of 
70 cm. (27.6 inchea). The cause of these mean densities lays in the 
weather conditions before the measurements were begun. bloder- 
ately heavy rains had barely saturated the top layers when they were 
frozen, forming an ice crust which at most had a thicknm of 10 cm. 
(3.9 inches), hence the rainfall did not soak deqd:: i:;to the snow- 
After a somewhat warmer period there followed colder weather and 
upon the ice crust thus formed there was deposited the fall of an 
extensive mowstorm, which buried the crust to a considerable dept.h, T t i w  th e old snow from the new. One clearly perceives the 
di erence between the two snow layers. The upper snow layer con- 
sisted of light, dazzling up er snow (Hochschnee), which is composed 

d l  ice crystals, $us forming a mixture of ice and air. 
“GXer the ice crust, on the other hand, the structure of the snow 
waa coarser. The snow was heavier, granulated, and no longer daz- 
zling white, as on $he upper la w. We have here pure $acial snow. 
The size of the grams mcreased with the depth and, strictly consid- 
ered, one recognizes that they consist of transparent ice in which 
m a y  very small air bubbles are inclosed. The to wow has com- 
pletely loet ita crystalline structure, since through Lquent thawing 
the-pinta and needles of the crystals are melted off and the pene- 
tratmg mow-water collects later about single kernels of ice and is 
frozen bgether in larger grains. Measurements enable us to distinguish 
d y  between the fine-grained old snow in the upper layers under 
the ice cruet and the coaree-grained old snow at depths of say about 3 
metere. * * * 
The incresae in density with depth is due to a variety of causes. 

Freshly fallen mow diminishes in volume when the temperature 
becomes %her. Snow ia made up of an extensive net of capillary 
tubea, whi take up water as a sponge. The air, of which the greater 
pert of a definite volume of mow is constituted, is expelled through the 
tubea and the density of the snow increases. In the exchange of heat 
in the mrface  lay^^ of the mow stratum it is h t  of all to be considered 
that the heat is mpletely used in melting the upper layera and only 

indirectly eremisea an influence upon the lower layers; that the mow- 
wuter elowly soaks or filters into the lower layers. On the contrary 
during the revalence of cold, when it continues for a time, it gradually 
penetratea Bee and dee er into the layers, until finally it enetratea 
the dee at a n E o t  as the%eat which is fully consumed on $e d a c e .  

A n o g  cause of the increwhg density of the snow with de th is 
the preeaure which in the upper snow layers exercise upon the Ewer. 
The volume of the snow becomes the smaller, the greater is the pressure 
which weighs upon them. The air is squeezed out and the density 
ancream. * * *. 
In the analytical presentation of the subject of snow density aa 

dependent upon depth, most authors nearly always assume that the 
density increeeea proportionately to thq de th and that when p= the 
density of the mow, z=the depth countmg h m  the snow surface, then 
the increase in denaity will be represented by the formula 

P = P o + w .  
An in ection of our gmphic presentation [fig. 11 shows directly that 
this re%tion is not fuliilled, surely for the upper lavers. The increase 
follows a curve slightly concave to the axis of ordinates and can not 
therefore-be represented by a linear relation. 

thmic relation, first derived by Abe lo gives values, as we ahall 2 %?ih better agree with the actual observed values. If we deeig- 
nate by p the preeeure of the wow cover in the depth z, then 

pdz=dp. 
Amme further that the density of the snow is proportional to the 
pressure of the overlying stratum of mow, then 

where po is the density at the surface and k is a constant. From these 
two equations for p we can eIiminate p and we then have 

P’PO+kP, 

If p,, is the density at the d a c e  it follows that 

log p=lw P0-I-k. 

Them relations were employed in the four branches of our curve 
[fig. lJ, and gave for the increase of the density with depth the 
ollomng : 
For [&. 11 applicable from 2-0 to z=80 

For [fig. I] applicable from 2-162.5 to z=312.5 

For figure 3 [not reproduced] applicable for values of z between 0 
and 70, 

These four equations represent the branches of the curves with great 
precision; indeed, the departures of observed and computed values 
are well within the ermr of observation. 

log p=lq 0.2404+0.00529 z 

log p-hg 0.4863+0.00035 

log p=log 0.3198+0.00201 z. 

THE DIMINUTION OF A SKOW COVER. 

It is well known that a snow layer, especially if composed 
of freshly fallen snow, diminishes in dept-h ra idly a t  first, 

24 hours varies, of course, in accordance with the prevail- 
ing atmospheric conditions. A high wind, for example, 
will not only drift freshly fallen snow, but will com ress 

Many examples of the compression or packing of snow 
by high winds were observed by the writer at Mount 
Weather, Va., during the winters of 1909-10, 1910-11, 
and 1911-12, but no quantitive values as to the amount 
of the compression were secured. The snowfall observer 
at Government Camp, Oreg., in the Cascade Mountains, 
reports a shrinkage of 16 inches in 24 hours on January 
15, 1916, with a h g h  wind and a daily mean temperature 
of 9’F. This value is, of course, esceptional, but many 
well-attested cases are at hand wherein the shrinkage 
was from 4 to 6 inches. At the height of the melting 
season the disa pearance of snow by meltin sometimes 

then at a much slower rate. The amount o P shrinking in 

the superficial layer even where there is no dri P ting. 

reaches the hig g value of about 8 inches dafy (26). 
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I Frrt. 
Tnhor.Cal ....................................... 0 230 
Tallar I'SI ....................................... 6'zH) 
Ilijou'Cal ........................................ 6:230 
bhrldte Lake, NN.. ............................. 7,900 

Dr. J. Westmau (8) briefly discusses the shrinkage o€ 
a snow cover at several points on the public s uare in 

from each other by short 8staiice. 

ments over a period o P 12 d a ~ s  in March, 1901, during 

in snow t z at had been shoveled together in which the 

maximum decrease recor x ed in 24 hours being 4.8 cni. 

where the snow cover was fairly uiii- 
of approsimately 20 cm. (7.8 

inches). Ten measurenients were made a t  points ciis- 
tant from each other about 3 nieters (9.8 feet) and the 
mean of these 10 measurements was adopted as the mean 
depth for the time and lace. Contiiiuing these measure- 

which time thawing weather did not prevail, he was able 
to accurately note the diminution of the snow cover 
day by da . Another series of measurements was made 

total depth was at one time 54 cm. (21.2 inches). The 
average temperature during the period was 31.1 OF. The 
diminution in depth of the snow cover was weatest in 
the snow that had been iled together artif%ally, the 

(1.9 inches). Where the snow lay as it fell, the masimum 
decrease recorded in 24 hours was 3.93 cm. (1.53) the 
average daily decrease being 1.25 cm. (0.5 inch). 

Dr. Westmann considers the loss due to evaporation as 
being of small importance and points out that in some 
cases the gain by condensation more than balances the 
loss by evaporation. 

The water content of the snow was deterniined by 
weighino a known volume taken froni the same points t i t  
which $e th measurements were made. Two series of 
density &terminations were made, the first for a top 
layer of 12 cm. (4.7 inches) and the other for a la er of 

sults show, as was to be expected, that the density in- 
creases with the depth. 

Dr. Westmann also points out that the water equivalent 
of the snow cover, which was 70 mm. on March 10, had 
diminished to 30 mm. on March 23. He considers tlie 
loss of 40 mm. to have been due to melting snow, the 
greater portion of which flowed away. During the mclt- 
m the structure of the siiow changes csscntially, the 
or % inary snow becomes changed into angular grains, wlicii 
the adhesion between these grains becomes siiidl through 
intense melting, the structure of the snow 1)ecomes 11s 
coarse sand. 

The same author in collaboration with M. dnnsson As- 
cusses a t  length and in great detail the several influelices 
contributing to R dimi!iution in depth of n snow layer. 
(See p. 105.) 

6 cm. (2.4 inches) next to the earth's surface. Tt  e re- 

,rg/. ~i-7%. 4 6  (794) 
GROWTH, SETTLING, AND FINAL DISAPPEARANCE OF A 

SNOW COVER IN THE SIERRA NEVADA, 1915-16. 

Ry HENRY P. ALCIATORE, Moteorolo&. 

[ h t c l l :  Wcot!ler Biireao. Reno, Nev.--.l9li. 1 

The followin is a brief account of thP coutrolling 
factors which f etermined the growth, settling, inelting, 
and final disappearance of the snow cover of the 1915-16 
season at-four t pical Weather Bureau mountain snow- 
fall stations in t K e Lake Tahoe watershed. The stations 
selected were: Talioe and Tallnc, Csl., on the west side, 
md Marlette Lake, Nev., and Bijou, Cal., on the east 
side of the lake. All of these, exce t Marlette Lake, are 

, body of water about 1,700 feet above the surface of 
Lake Tahoe, 2 miles east of the latter. 

on the shores of Lake Tahoe. Mar P ette Lake is a small 

0 ,  0 1  

39 9 la0 11 
38 56 120 2 
38 57 119 58 
39 10 119 I 

The season o ened with a general snowstorm, Novem- 
ber 8, 1915. Ifovember, Janua , and May were colder 

mild, particularly Februa If in the absence of humid- 
ity, wind, and sunshine X t a  for the places named, we 
consult the records of tlie nearest Weather Bureau ob- 
servatory, namely, those of Reno, Nev., we find that 
from March to June the weather was unusuall dry and 
windy and the amount of iiisolation considera 35 ly above 
the normal for the season, yet, in spite of these con- 
ditions, the snow cover finally disappeared at about the 
usud time of year a t  Marlette Lake, and somewhat 
ahead of time at the other stations. 

Speaking generally, if we exclude impurities, a snow 
cover consists of two elements, and only two, i. e., snow 
and air. As a rule, fresh snow contains more air than 
snow, and the reverse of this holds true for the lower 
lnFers of a snow cover. For esample, at one point in 
t lie Carson watershed, the snow was 10 feet deep, and its 
average density was 40 per cent; hence a cylinder of that 
snow, of one square foot base? would have contained 
about 6 cubic feet of air, and only 4 cubic feet of snow. 

The details of the topography, eograpliical location, 
etc., of each station whose records E ave been used in this 
paper will be found in Table 11. The first three are on 
the lake shore, while t,he fourth, Marlette Lake, is 1,670 
feet above the lake surface, and about 3 miles inland, on 
the eastern part of the drainage basin of the lake. 

TABLE Il.-Locuiion of niorin.fnitr sttoic$ill rtutiom. 

than usual, but February, Marci, l7 and April were quite 

1-1-1- 

As poiiibcd out by Prof. Hciiry for t.hs high Sierras of 
central California (27), so in the Tahoe Basin the fact 
that a considerable portion of the snow on the ground in 
midwinter settled or packed t.hrough natural causes aside 
from the occurrence of warm weather attended blp rain 
is evident. In  fact, the greatest amount of fortnightly 
settling at any station, namely, at  the rate of 7.2 inches 
per day (Marlette Lake) occurred in January, the coldest 
nionth of the season, and one of the coldest on record. 
The average claily settling of the snow cover for tshe entire 
season, in inches, was 2.2 inches at Tahoe, 1.6 a t  Tallac, 
1.5 at Bijou, and 1.7 a t  
values with the 
Fordyce Dani, 
of years, wliich were 1.9? 2, and 2 inches, 
note t,hat Tahoe, Cal., at  an altitude of 
a slightly gseater rate (in 1915-16) t.ha.n the average rate 
given for Tamarack. The most pronounced set- 
occurred at. all &ations in the Tahoe Basin in January, 
the month of heaviest siiow; at  Tallac, in February, a 
month of scant snowfall. 

Table 11 below has been prepared to show the daily 
changes in de th of snow cover at a single station in the 
Tahoe Basin P or the period November 9 to December 31, 
1915. The aniount of snow, as it fell da by day, has 

of the snow cover on the ound is iven in the third 
been entered in t,he second column and t z e total depth 

column each day. It, w i f h p  read 5 y seen that the 


